Ecl1 family genes are conserved among yeast, in which their overexpression extends chronological lifespan. Ecl1 family genes were first identified in the fission yeast Schizosaccharomyces pombe; at the time, they were considered noncoding RNA owing to their short coding sequence of fewer than 300 base pairs. Schizosaccharomyces pombe carries three Ecl1 family genes, ecl1 + , ecl2 + and ecl3 + , whereas Saccharomyces cerevisiae has one, ECL1. Their overexpression extends chronological lifespan, increases oxidative stress resistance and induces sexual development in fission yeast. A recent study indicated that Ecl1 family genes play a significant role in responding to environmental zinc or sulfur depletion. In this review, we focus on Ecl1 family genes in fission yeast and describe the relationship between nutritional depletion and cellular output, as the latter depends on Ecl1 family genes. Furthermore, we present the roles and functions of Ecl1 family genes characterized to date.
INTRODUCTION
Approximately 10 years ago, a gene encoding a new nuclearlocalized protein comprising only 80 amino acids was identified in Schizosaccharomyces pombe. Because overexpression of this gene prolongs the chronological lifespan of this fission yeast, it was named extender of chronological lifespan 1 + (ecl1 + Ohtsuka et al. 2008) . Subsequently, ecl2 + and ecl3 + were also identified ). ecl2 + and ecl3 + were found to encode small proteins of 84 and 89 amino acids, respectively, and their overexpression also extends the cellular lifespan of S. pombe. Because, similarly to ecl1 + , the predicted products of ecl2 + and ecl3 + are small proteins of fewer than 100 amino acids; thus, they were considered noncoding RNA. Microarray analysis indicated that the intracellular roles of ecl1 + , ecl2 + and ecl3 + are almost identical, as their overexpression causes similar transcriptional changes . Consistently, deletion of ecl1 + , ecl2 + or ecl3 + causes hardly any phenotypic changes, but deletion of all three affects many characteristics, including chronological lifespan and sexual development (Ohtsuka et al. , 2015 . A homologous gene, ECL1, exists in budding yeast, and it encodes a larger protein than those present in fission yeast, comprising 211 amino acids (Azuma et al. 2009 . Overexpression of ECL1 extends chronological lifespan in Saccharomyces cerevisiae similarly as its homologs in fission yeast. These proteins have a conserved domain including four cysteines in their N-terminal regions, and the genes encoding these proteins are named Ecl1 family genes (Fig. 1A ). This conserved domain is also present in proteins of other yeasts, including Candida, Pichia, Kluyveromyces and Rhodotrula, although there is no apparent homolog of Ecl1 family genes (Fig. 1B and C) .
Chronological lifespan
The lifespan of yeast can be defined in two manners: replicative and chronological. The replicative lifespan is the number of times an individual cell can divide prior to senescence. The chronological lifespan is the length of time a cell can survive. In yeast, this corresponds to the length of time cells survive in the stationary phase in nutrient-depleted medium (Roux et al. 2010; Chen and Runge 2012; Longo et al. 2012; Lin and Austriaco 2014) . Whereas both types of lifespan are evident in budding yeast, few reports on the replicative lifespan of fission yeast exist because it is difficult to evaluate in cells that divide into identical daughter cells; that is, it is difficult to distinguish daughter cells from mother cells (Erjavec et al. 2008) . Therefore, many lifespan analyses of fission yeast examine chronological lifespan (Roux et al. 2006; Zuin et al. 2010a; Ohtsuka et al. 2013) . As observed in other model organisms, such as worms, flies and mammals, multiple factors acting on nutrient signaling pathways, including target of rapamycin (TOR) and protein kinase A (PKA), are involved in the regulation of chronological lifespan in fission yeast (Chen and Runge 2009; Roux et al. 2009; Fontana, Partridge and Longo 2010; Rallis et al. 2014) . Calorie restriction (CR) is an established way to delay aging and increase lifespan, and its effects are broadly conserved in many organisms, such as yeasts, worms, flies and mammals (Fontana, Partridge and Longo 2010; Lee and Longo 2016) . In fission yeast, CR is achieved by reducing the concentration of glucose, a carbon source, in the medium, which extends the lifespan similarly as observed in other organisms (Fujita et al. 2007; Chen and Runge 2009) . Lifespan extension via CR in fission yeast is related to the PKA pathway, and it depends on the stress-dependent mitogen-activated protein kinase (MAPK) Sty1 (also known as Phh1 and Spc1) (Roux et al. 2009; Zuin et al. 2010a,b) . Although Sty1 is known to be a stress-dependent MAPK in fission yeast, it is also reportedly related to nutritional signaling through the PKA pathway (Caspari 1997; Madrid et al. 2004; Stiefel et al. 2004; Sansó et al. 2011) . ecl1 + was originally identified as a factor that increases viability during the stationary phase of a sty1 yeast strain, which exhibits a short chronological lifespan (Ohtsuka et al. 2008) . Analyses using a wild-type strain revealed that ecl1 + overexpression extends the lifespan of both the sty1 and wild-type strains.
However, it was also demonstrated that under CR, ecl1 + overexpression does not extend chronological lifespan (Ohtsuka et al. 2008) . This suggests that the mechanism of lifespan extension by ecl1 + may be identical to that induced by CR, as the longevity effects of ecl1 + and CR do not have an additive effect on lifespan.
Because ecl1 + overexpression extends the chronological lifespan of a deletion mutant of sty1 + , which is required for lifespan extension via CR, ecl1 + was considered to contribute to lifespan extension via a CR-like mechanism through the downstream targets of the Sty1 pathway or another pathway with a common target. A recent study illustrated that lifespan extension via CR in fission yeast is caused by the inhibition of translational activity . Various deletion mutants encoding ribosomal proteins, including rpl1201, rpl15 and rpl42, which encode the 60S ribosomal proteins L12.1/L12A, L15 and L36/L42, respectively, and rps002, which encodes the 40S ribosomal protein S0B, exhibit long chronological lifespans. Furthermore, these mutations do not extend chronological lifespan under CR. In fission yeast, in addition to the restriction of a carbon source, the restriction of nitrogen or sulfur also extends chronological lifespan. Simultaneously, these restricted conditions induce a decrease in the expression of ribosomal proteins and inhibit translational activity. Many cells with decreased translational activity exhibit a long lifespan. For example, the addition of drugs such as ribozinoindole-1, diazaborine or actinomycin D results in longevity in fission yeast ; data not shown). Ribozinoindole-1 and diazaborine inhibit rRNA maturation, whereas actinomycin D inhibits rRNA translation by acting on RNA polymerase (Cooper and Braverman 1977; Hayashi et al. 2014; Loibl et al. 2014; Kawashima et al. 2016; Scala et al. 2016) . Furthermore, it was reported that deletion mutants for SPRRNA.47, which encodes the 28S ribosomal RNA, also have long chronological lifespans in S. pombe (Chen et al. 2013) . Although various mutants exhibiting slow growth have long lifespans, this longevity may be caused by a decrease in translational activity, which also slows growth (Takuma et al. 2013; Sideri et al. 2014) . Likewise, some stresses such as heat shock suppress translational activity, and they may contribute to longevity by inhibiting ribosome formation (Chen et al. 2003; Rattan 2008) .
The regulation of lifespan by Ecl1 family genes is related to the regulation of translational activity. When overexpressed, Ecl1 family genes inhibit the expression of ribosomal proteins . Similarly as CR, sulfur limitation also extends the lifespan of fission yeast, and this longevity depends on Ecl1 family genes. The depletion of sulfur decreases the expression of ribosomal proteins and the amount of RNA, including rRNA. These declines lead to the inhibition of translational activity and extend the lifespan of wild-type cells. However, sulfur depletion does not decrease the expression and amount of RNA or extend the lifespan of Ecl1 family gene deletion mutants. Several reports identified a relationship between the inhibition of translational activity and the extension of lifespan in fission yeast as well as other model organisms including budding yeast and nematodes (Hansen et al. 2007; Steffen et al. 2008 Steffen et al. , 2012 MacInnes 2016) . Therefore, although Ecl1 family genes are not apparently conserved in higher organisms, it is possible that the physiologic response to sulfur limitation and factors playing the same roles as Ecl1 family genes are conserved in higher organisms. The target of this regulatory mechanism is protein translation, which is the basis of life.
Several genes are necessary for the extension of lifespan induced by the overexpression of Ecl1 family genes . The lifespan-prolonging effect of Ecl1 family gene overexpression does not occur in a deletion mutant for the transcription factor pombe response regulator (Prr1), which acts on the stress response and protects cells against relatively mild oxidative stresses (Greenall et al. 2002; Vivancos et al. 2006; Calvo et al. 2012) . Whereas overexpression of Ecl1 family genes decreases the expression of ribosomal proteins in wild-type cells, it does not decrease their expression in the prr1 deletion mutant (data not shown). Moreover, deletion of the transcription factor hydrogen peroxide stress regulator (Hsr1) partially invalidates the effect on longevity of Ecl1 family gene overexpression. Hsr1 is a zinc-finger protein with weak homology to multicopy suppressor of SNF1 mutation (Msn2) in S. cerevisiae, which is involved in the response to multiple stresses and chronological aging (Chen et al. 2008; Longo et al. 2012) . Interestingly, overexpression of hsr1 + also extends the chronological lifespan of fission yeast .
The relationship between aging and oxidative stress is established ( Muller et al. 2007; Lu and Finkel 2008) . The free radical theory is well known; specifically, free radicals produced mainly by the mitochondria as a byproduct of energy metabolism oxidize cellular components, including DNA, proteins and lipids, thus causing aging. Therefore, if aging is caused by free radicals, increasing antioxidant activity may inhibit aging and extend longevity. However, several reports illustrate that increasing the intra or extracellular antioxidant activity does not inhibit aging or increase longevity in organisms, such as budding yeasts, worms, flies and mammals. (Lam, Stocker and Dawes 2010; Selman et al. 2013; Sadowska-Bartosz and Bartosz 2014) . Overexpression of Ecl1 family genes increases viability in the stationary phase and oxidative stress tolerance. Although the resistance to oxidative stress conferred by Ecl1 family genes depends on ctt1 + , which encodes catalase, their effect on lifespan is not dependent on ctt1 + . Consistently, ctt1 + overexpression confers dramatic resistance to oxidative stress, but it does not affect the chronological lifespan of fission yeast . In our study on the chronological lifespan of fission yeast as related to Ecl1 family genes and ctt1 + , we were unable to prove an association between the oxidative stress response and the regulation of longevity. As described earlier, Ecl1 family genes function in lifespan extension in response to sulfur depletion in fission yeast . A recent study found that, in addition to sulfur deprivation, Ecl1 family genes also function in the response to the depletion of other minerals including iron and zinc (Ohtsuka et al. 2015; Shimasaki et al. 2017) . Reportedly, oxidative stress caused by zinc depletion affects sulfur assimilation in S. cerevisiae (Wu et al. 2009 ). We demonstrated that, similarly as sulfur, nitrogen and glucose depletion, zinc deprivation also extends the chronological lifespan of fission yeast . In Ecl1 family gene deletion mutants, limitations of nitrogen, but not sulfur or zinc, extend longevity Shimasaki et al. 2017) . Therefore, longevity caused by the limitation of sulfur or zinc requires Ecl1 family genes. Furthermore, a relationship possibly exists between the regulation of sulfur and zinc through Ecl1 family genes in S. pombe.
Since the discovery of Ecl1 family genes, knowledge regarding chronological lifespan and the roles of these genes in fission yeast has been accumulated. It appears that Ecl1 family proteins sense nutrient levels, especially those of zinc and sulfur, and induce the appropriate cellular responses. Thus, the environment influences lifespan in fission yeast (Fig. 2) . To retain their own genetic information, a mechanism may be activated in fission yeast in environments unsuitable for growth that allows cells to survive for long periods until they meet cells of the opposite sex and undergo sexual development through mating and sporulation. Furthermore, this putative mechanism may form the basis of an evolutionarily conserved mechanism regulating cellular lifespan and aging.
Oxidative stress response
It has been established that the stress-response Sty1 MAPK pathway and the transcription factors pombe AP-1-like gene (Pap1) and Prr1 play central roles in the response of fission yeast to oxidative stress (Nakagawa, Yamada and Mutoh 2000; Quinn et al. 2002; Vivancos et al. 2004; Chen et al. 2008; Eshaghi et al. 2010) . The Sty1 MAPK signaling pathway functions in response to relatively severe stress, whereas Pap1 and Prr1 respond to relatively mild stress. The Sty1 MAPK pathway comprises the MAPK kinase kinase Wak1/Win1, MAPK kinase Wis1 and MAPK Sty1, and the signal is conveyed to the transcription factors Atf1 and Pcr1. Atf1 is a member of the ATF/CREB protein family and is homologous to mammalian ATF-2, whereas Pcr1 is a basic leucine zipper transcription factor that serves as the binding partner of Atf1 (Eshaghi et al. 2010) . Many studies examined the response of fission yeast to oxidative stress, and the mechanism is being clarified. In this section, we focus on and describe the response to oxidative stress in relation to Ecl1 family genes.
Ecl1 family genes are involved in both the regulation of chronological lifespan and the response to oxidative stress (Ohtsuka et al. 2008 Shimasaki et al. 2014 (Shimasaki et al. 2014) . Atf1, which is considered a transcription factor for ecl1 + , also induces the expression of ctt1 + . Ecl1 is only a small component of the Sty1 pathway under simple oxidative stress; that is, its role is to induce ctt1 + . However, as mentioned earlier, because Ecl1 family genes sense environmental nutrition, it is possible that they respond to oxidative stress resulting from abnormalities in environmental nutrition, such as zinc or sulfur depletion (Wu et al. 2009; Ohtsuka et al. 2017; Shimasaki et al. 2017) . Consistently, transcriptome analysis illustrated that ctt1 + expression is enhanced by approximately 20-fold in response to sulfur depletion . Removing oxidants generated by these nutritional conditions may be the primary function of the oxidative stress response of Ecl1 family genes.
Sexual development
Schizosaccharomyces pombe usually grows as haploid cells under appropriate nutritional conditions. The deprivation of nutrients such as nitrogen halts the cell cycle at the G1 phase and induces sexual development including conjugation, meiosis and sporulation (Yamamoto 1996; Okazaki et al. 1998; Shimada et al. 2008; Yamamoto 2010 (Ohtsuka et al. 2015 . In this section, we describe the effect of Ecl1 family genes on sexual development. In addition to their effects on lifespan and resistance to oxidative stress, the overexpression of Ecl1 family genes also triggers sexual development . Their overexpression induces the expression of genes related to sexual development including ste11 + and causes conjugation and sporulation. However, the opposite phenotype is not observed in deletion mutants subjected to nitrogen or glucose deprivation. Although ste11 + expression is decreased, deletion of Ecl1 family genes does not cause remarkable phenotypes related to sexual development under these conditions. However, when cells enter the stationary phase without any intervention, wild-type cells undergo mating and sporulation but those lacking Ecl1 family genes do not, suggesting that there is an unknown factor that induces sexual development. As a result of subsequent studies, it was found that sexual development in fission yeast is induced by not only the restriction of nitrogen or carbon but also by micronutrients such as iron and zinc (Ohtsuka et al. 2015) . This study also clarified the following points: First, sexual development induced by the depletion of iron or zinc requires Ecl1 family genes. Second, the products of Ecl1 family genes affect sexual development by acting at least at two points: the induction of ste11 + and downstream of this induction. Third, sexual development induced by the depletion of iron or zinc also requires the expression of ste11 + .
As mentioned earlier, Ecl1 family genes also sense environmental levels of sulfur. The level of sulfur also affects sexual development, that is, meiosis and sporulation, in fission yeast. However, sulfur does not affect conjugation, partially because sulfur depletion does not cause G1 phase cell cycle arrest. Unlike the depletion of nitrogen, which promotes cell cycle arrest at the G1 phase, the depletion of sulfur halts the cell cycle at the G2 phase (Su et al. 1996; Chen and Runge 2009; Yanagida 2009; Ohtsuka et al. 2017) . Therefore, the induction of sexual development by sulfur depletion occurs only in diploid cells. Sexual development does not occur in deletion mutants for Ecl1 family genes, suggesting that this process requires Ecl1 family genes. At present, the detailed mechanisms underlying the induction of sexual development by sulfur and its relationship with iron and zinc are unknown.
As mentioned in detail later, the signaling pathways that function in the regulation of chronological lifespan resemble those controlling sexual development. Therefore, Ecl1 family genes act on the regulation of both chronological lifespan and sexual development (Fig. 3) . in the absence of stresses, the levels of all Ecl1 family genes are highest immediately before the stationary phase, after which they gradually decrease (Ohtsuka et al. 2008 ). Among the Ecl1 family genes, ecl1 + exhibits the biggest alteration in expression during growth conditions. Its expression is increased by approximately 20-100-fold versus that evident at the early log phase. We analyzed the cause of this remarkable induction of ecl1 + . Because the induction occurs before the stationary phase, we considered it related to factors implicated in the regulation of the stationary phase. One trigger of the stationary phase is some nutrient depletion or other. To verify whether nutrient depletion induces ecl1 + expression, cells were cultivated in medium lacking various nutrients, and the expression of ecl1 + was monitored. Nitrogen depletion caused relatively weak induction of ecl1 + , whereas sulfur depletion caused robust induction (Miwa et al. 2011; Ohtsuka et al. 2017) . By contrast, the addition of adequate sulfur to the medium diminished ecl1 + induction before the stationary phase. Therefore, the remarkable induction of ecl1 + before the stationary phase is caused by sulfur depletion . Although ecl1 + expression is induced by sulfur depletion, this induction requires the transcription factor Zip1. Zip1 is a basic leucine zipper domain transcription factor analogous to Met4 and Met28 in S. cerevisiae (Harrison et al. 2005; Guo et al. 2012) . In fission yeast, zip1 + functions in the response to sulfur depletion . Although green fluorescent protein-tagged Zip1 is normally absent from the nucleus, sulfur depletion causes its accumulation in the nucleus. Whereas sulfur deprivation remarkably induces the expression of ecl1 + in wild-type cells, it barely induced ecl1 + expression in zip1 mutants. ChIP analysis illustrated that the Zip1 protein binds upstream of ecl1 + , suggesting it directly regulates ecl1 + expression.
Regulation of ecl1
As mentioned earlier, in addition to sulfur depletion, H 2 O 2 -induced stress also induces the expression of ecl1 + (Shimasaki et al. 2014) . Thus, this induction requires the transcription factor Atf1. Heat-shock stress induces the transcription of ecl2 + ). The response is relatively fast, and marked expression is evident less than 10 min after stress exposure, suggesting that this response may constitute the entire reaction without additional transcription. ChIP analysis indicated that heatshock factor 1 (Hsf1) binds to the upstream region of ecl2 + upon thermal stress. Therefore, the induction of ecl2 + by heat-shock stress may be caused by Hsf1. Intriguingly, similar to Hsf being related to aging in Caenorhabditis elegans, Hsf1 is also involved in the regulation of the chronological lifespan of fission yeast (Hsu, Murphy and Kenyon 2003; Ohtsuka et al. 2011) . In S. pombe, the overexpression of hsf1 + extends chronological lifespan. This overexpression induces the ecl2 + transcription. In a deletion mutant for ecl2 + , hsf1 + overexpression does not extend longevity,
indicating that this longevity-prolonging effect requires ecl2 + .
There are few data regarding the regulation of ecl3 + . Sulfur or zinc starvation does not strikingly change its transcription (Ohtsuka et al. 2015 . Oxidative and heat-shock stress decrease ecl3 + expression Shimasaki et al. 2014 ). The signals inducing ecl3 + have not been identified.
Functions of Ecl1 family genes
Ecl1 family genes respond to variations in the extracellular nutritional environment, and they appear to switch the cellular state from active growth to silent maintenance. As stated earlier, there are many similarities between the signaling pathways that regulate chronological lifespan and the induction of sexual development in fission yeast (see Figs 2 and 3) . However, the pathways do not have the same impact and there are some differences. For example, although the transcription factor Ste11 plays a crucial role in sexual development and affects chronological lifespan, the impacts of these effects differ . That is, ste11 + overexpression remarkably induces sexual development but weakly extends longevity, whereas deletion of ste11 + leads to sterility but hardly affects chronological lifespan.
However, chronological lifespan and sexual development can be considered to have a common purpose, namely postponing and maintaining the genetic information of a clone. Thus, it is unsurprising that the signaling pathways that regulate chronological lifespan and sexual development have many similarities and that Ecl1 family genes are involved in both processes. A recent study indicated that sulfur depletion causes various responses in fission yeast . First, it causes downsizing of the cells. It also halts the cell cycle at the G2 phase, unlike nitrogen depletion. Second, sulfur depletion induces sporulation if the cells are diploid. Probably because of cell cycle arrest at G2, the induction of conjugation does not occur. Third, sulfur depletion extends chronological lifespan. Nitrogen depletion also has this effect. At this point, sulfur depletion halts the cell cycle at the G2 phase, whereas nitrogen halts the cell cycle at the G1 phase; however, both conditions extend longevity. Therefore, the timing of cell cycle arrest may not be important to the extension of longevity. Fourth, sulfur depletion decreases the amount of RNA, expecting that this affects the amount of the ribosome because most RNA is rRNA. Finally, sulfur depletion inhibits the transcription of ribosomal proteins. The downregulation of translational activity is observed after the depletion of sulfur and other nutrients, including carbon and nitrogen. These five consequences of sulfur depletion require Ecl1 family genes, indicating that these genes play a crucial role in the response to environmental sulfur levels.
Ecl1 family genes are also involved in the response to the depletion of other minerals, namely iron and zinc. Although iron depletion induces sexual development, which requires Ecl1 family genes, it is not yet known whether Ecl1 family genes affect other physiologic changes caused by iron depletion. Conversely, zinc depletion is known to cause the following physiologic changes. First, similar to iron depletion, it induces sexual development. Unlike sulfur depletion, zinc depletion promotes both sporulation and conjugation. This phenomenon depends on Ecl1 family genes. Second, zinc depletion upregulates genes involved in zinc homeostasis, including zrt1 + (Boch et al. 2008; Dainty et al. 2008; Corkins et al. 2013) . This upregulation also depends on Ecl1 family genes. Third, zinc depletion extends chronological lifespan, which also requires Ecl1 family genes . Reportedly, zinc restriction extends the lifespan of C. elegans, suggesting that the effect of zinc limitation on longevity may be conserved in other organisms, similarly as the effect of CR (Kumar et al. 2016) . Finally, zinc depletion leads to morphologic changes. We found that zinc depletion causes an abnormal 'tadpole-shaped' morphology during the stationary phase in fission yeast (Fig. 4) . Although this morphologic change occurs with or without Ecl1 family genes, tadpole-shaped cells are also observed under normal nutritional conditions in Ecl1 family gene deletion mutants. Furthermore, this abnormal shape is inhibited by adding sufficient zinc to the medium. Although the mechanism by which zinc depletion leads to abnormal cell shape is unclear, these observations suggest that the Ecl1 family genes affect cell morphology. Moreover, based on their morphology, the deletion mutants resemble the state of zinc starvation. In the triple Ecl1 family gene deletion mutant, the expression of zrt1 + , which encodes a zinc uptake system, is not induced under zinc-limiting conditions (Ohtsuka et al. 2015) . In addition to the regulation of zrt1 + , the mutant may not properly maintain intracellular zinc homeostasis including the utilization of zinc stored in endoplasmic reticula and vacuoles. The intracellular disorder of zinc homeostasis may explain the abnormal morphology of Ecl1 family mutants. Concurrently, it is expected that intracellular changes induced by nutritional depletion are important for the lifespan extension caused by zinc limitation rather than the maintenance of low intracellular levels of zinc. These changes may involve the downregulation of translational activity before absolute starvation.
As shown in Fig. 1 , Ecl1 family proteins contain four conserved cysteines (Wilson and Bird 2016; Shimasaki et al. 2017) . A recent study indicated that the Ecl1 protein carries zinc, and that the Ecl1 cysteines are required for this binding . Unlike normal Ecl1, the overexpression of cysteinemutated Ecl1 does not induce extended chronological lifespan and sexual development phenotypes. Therefore, it is important that the Ecl1 protein carries zinc to fulfill its function.
CONCLUSION
To date, three novel Ecl1 family genes with similar alignments and functions, ecl1 + , ecl2 + and ecl3 + , have been identified in Schizosaccharomyces pombe that extend the chronological lifespan (Ohtsuka et al. 2008 . All the three genes encode small proteins with less than 100 amino acids, and no homologs with known functions have been identified for these genes. Therefore, it was speculated that Ecl1 family genes might be involved in some unknown mechanisms that regulate lifespan. As a result, not only the functions of Ecl1 family genes but also newly identified responses of S. pombe to extracellular environment, such as sexual development and longevity affected by environmental iron, zinc and sulfur, were revealed (Ohtsuka et al. 2015 Shimasaki et al. 2017) . Although the molecular functions of these genes remain unclear, they affect chronological lifespan, stress resistance and sexual development. They may also be involved in sensing various stress conditions, including the environmental levels of nutrients such as iron, zinc and sulfur and inducing appropriate cellular responses. Thus, ecl1 + , ecl2 + and ecl3 + may have similar roles in S. pombe due to the following reasons: First, the overexpression of each gene shows similar transcriptional changes. Second, the phenotypes of short chronological lifespan and defective sexual development are not expressed unless all the three genes are disrupted. Third, the overexpression of each gene prevents the expression of ecl1/2/3 mutant phenotypes (Ohtsuka et al. , 2015 . Intriguingly, although each gene has similar functions, the signals inducing their expression may be different; presence of oxidants or sulfur depletion induces ecl1 + expression, whereas heat stress induce that of ecl2 + Shimasaki et al. 2014 Shimasaki et al. , 2017 Botstein 2004; Azuma et al. 2009) . Although Ecl1 family genes between the two yeasts differ in number, protein sizes and amino acid sequences, they show similar responses to environmental changes. Because the responses to sulfur or trace metals are one of the important physiological processes for all organisms, and the associated extension of lifespan is observed not only in fission yeast but also in budding yeast and nematode, knowledge regarding nutritional condition and lifespan obtained through the analysis of Ecl1 family genes will further contribute to the understanding of physiological processes in fission yeast and other yeasts carrying these genes.
